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We investigated the genotoxicities or mutagenicities of 3 chemicals, i.e., aluminum oxide, calcium oxide,
and sodium tetraborate. We have limited toxicological data in spite of their common usage based on Ames
reverse mutation test. In this study, treatment of 3 chemicals at the dose of 5,000, 2,500, 1,250, 625, and
312.5 ug/plate did not induce mutagenicity in Salmonella typhimurium TA98, TA100, TA1535, TA1537, and
in Escherichia coli WP2uvrA with and without metabolic activation. These results indicate that the 3 chem-
icals do not have mutagenic potentials under the conditions of this study. However, further investigations
were necessary because it may harmful to workers by ingestion, inhalation, skin or eye contact. And it is
also desirable to prepare the local exhaust system and to wear personal protection equipments.
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Edo] H8 gl o= Wslsle fxke] ¥islE o]
&3ote] HoloR-E 2agdste Aldyelth 5 Ad
o] AMESlE dFEE Salmonela typhimurium 3
TA1535, TA1537, TA98, TA100 %=, Escherichia
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3l felAe HryF 23 aluminum  oxide,
calcium oxide, sodium tetraborate 5 371¢] &}8H=
Aol izl FH5IANE F PIBES o83 A=A
HOAFH S AAale] WobY Bl HoldA o] o5 ol

o O O mx O oo >
@ AN o
i“ﬁ;rﬂjﬂ o

R I
o o8
0 o> (B 10 flo

> N

o

3]

i

b7 stk

¥Zel F£41381E<¢] aluminum oxide= Alundum,

ofs

-8

Kl

Alumina % Dialuminum trioxidegl = E29, &
A2 ALOgolth AR 101.96, 83 2,053~2,072
°C, ®¥]& 2,980°C, 571 1mmHg(?2,158°C), ®lZ
3.965(25°CY5 Zt= 73, SMA FA7Ex] o] R
3L 0.5% olstola, Bolle B84, 41 F 71
Jbolu} rdde] o= FgsidS wrl CAS Nox
1344-28-1, RTECS No.= BD1200000, EN No.&=
215-691-60|t}Y, 71E3}18HEA =20 KE-01012% 541
wo] glom, JEgAsECIERE Aol e
W83l Moz E o dFrve] FEQ ZHY, A
gfoloj(ulal) 2 =3HEQ] HAAC|E Fo| JE = A
53, FHHORE FAslYFrES 7Hhste] A4
stt}, dFuEEEe] Ax, AvHEEY) B 4F

Y48 S0 5O At

XU =10k
3]

FAG71 Wik 8 FFL Hid vk g, F
EEE QR AS, 25 & 4, 25T, v 2w
HEo= Qg A5 59 A dFel s+ 3l
oh. ¥RMe ACGIH-AA(RIE B3E-02 QA wile
AR BHEA )R skl itk

Yo =27|Fo2E ARIedR AR TWA 10
mg/m®?, 5mgm® OSHA TWAGEEA %), 15mg/
m’, OSHA TWA(E#31), 10mg/m® ACGIH TWA,
1.5 mg/m® DFG MAK(E 34 EX-F)o= A=
ATk AHAFARAY Fo] =Z7|EAPED oA,
fralsterEd A Holu el A
%= EzZ=Z CERCLA, SARA 5¢ CFR #4 %
OSHA +8eM= At do] ofun, n5EF55<
TSCAIRF A=) St

Calcium oxide= AI3]Z Calcia, Calxyl -== Lime
olgta: Bajn, A4S CaOolt}. AR 56.08,
+3 2,614°C, ¥ 2,850°C, H]5 3.25~3.3821 F-3,
Aol AY Ao uA 2 E3} wkesla, FEAEY
Al golol= 7184, Dol E-84doltt. CAS No.
£ 1305-78-8, RTECS No= EW3100000, UN No.
£ 1910, EN Nox= 215-138-90]tp. 7|&E3eEaE
=0 KE-04588% SAI=o] U3, S&5Z44S 2tz
A ASATIAY edre] GRsiE AR, A4
3], FEAAA ] BEES Y02 A AR AR
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UA Rk S =E7EL R ARk RA
N TWA 2mgm®?, 5mg/m® OSHA TWA, 2mg/
m? ACGIH TWA, 2 mg/m® NIOSH @3 TWA(10A]
7h= AR k. Aluminum oxide$t PRI =
AR AT el =E27|EAAER oA, f3ls)
gEZAHo Y AHERdTEH A Y=
=22 CERCLA, SARA 59 CFR % ¥ OSHA
TFAANNE FAd o] o™, vjFEE55<1 TSCA
offet FAIEO] Utk FHAY #A8U EC EF/olle
AeEdRE FEEY Aok

Sodium tetraborate= URFEHSZ HrhlEFo|Z
2 3} Boron sodium oxide, Anhydrous Borax,
Borax Glassglal #27]%= st} #2122 B,Na,0,,
A 20122, 83 741°C, ¥ald 1,575°C, HIS
2.367, &= 1.06~8.79%%] T3, I IA= &
F740] Ut dFol= E84S "ok CAS Now=
1330-43-4, RTECS No.== ED4588000, EN No.=
215-540-401t}9,

NESFELEZ KE-123842 SAIEo] glom,

= AA
A O o JFe nad v giok FYn
B2 A% AT, Bae B, AT L gEoR
A AF, £, AAZ AT I, 7E 5
o WA GPol A

AMAE BERo= olA Wt
2 FE3A Qih

U9 =E7]Fo2E AR AY TWA 1 mg/
m®?, 1mg/m® ACGIH TWA, 1mg/m® NIOSH @
A TWAQOAZHZ sl ot AR AN A+
o] =E27|FAHEA oA, falsieEddE ey
Y ERPdTE e A &= EFE CERCLA,
SARA 59 CFR 7+4 ¥ OSHA 4olA= A
o] ohp], VFEFZE TSCANW SA= 3
ol Ratg o8-8 §97475dA 843 LDyl 1,200
mgkge 2 dEA St

o]¢} Zro] aluminum oxide, calcium oxide, sodium
tetraborate= S8 53AE7F B3 2 faldel
A3t 7Pt o] Foix|H] EEF 2 E =EE <l
3 SF7 oY T4 AFel THE F AUe EHo]
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E Algo A3l aluminum oxide(CAS No. 1344-
28-1, 99.998%, Lot No. 04301BH), calcium oxide
(CAS No. 1305-78-8, 99.99+%, Lot No. 08788KH),
sodium tetraborate(CAS No. 1330-43-4, 99.998%,
Lot No. 04313HE)= Sigma-Aldrich(St. Louis MO.,
USAVFlA dste] ARGttt S dtiz==2 (&H)
<2 dimethyl sulfoxide (DMSO, Sigma-Aldrich, St.
Louis MO., USA, Lot No. 037K0766, 99.5%)E A}
&3t

AlEE dF2= A71P4X13] (base-pair substitution
type) E0] AME I8ld= d|2Ed 844
ol Salmonella typhimurium TA98, TA100, TA1535
2 TA15373 ERET 23X @59 Escherichia
coli WP2uvrAE ©]-8-3F3ith. TA98, TA100, TA1535,
TA1537, WP2uvrA®] 5= Moltox(BOONE, NC
28607, USA)ZFH Fsto] ARGSFAAL, e
0.8, DMSO 0.07¢] Ao = -80°C deep freezer
(MDF-U3086S, Sanyo, IL., USA)l| SZ2X &3] A}
8313t

S9 Mixx= Moltox(Lot No. 2151DA}2HE 95k
A28, 31 Sprague Dawley ratol] F=22<l
Aroclor 12545 =4k 593 ©@3] 7S § 7F 24
S dYste] A& Zo7 -80°C deep freezerol] 5
Arste] ARSI
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AL Amesi 2ol T3] S, AHEL
FEAAANYE LS HIEEESE 5000 ugplateR FH]
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5~10 mg/plate= &4 2~322 HAAT}.

ERINFL BAFe] AdE st FH] 2~
2 AT BFAAAA ] Fate] 2 Al
AGAel met Arjsts AlPHEDS Mg #7E
37°C Zuhle7lell 2087 Huljeksied AAlsl= xuf
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o)At 94, AR 7, whdHol g ok
Qo= o]RR e F14 S ERIsKTh 25 oF
neAt @A AujHO 2 background 249
NFE AEZ RIS A9 A2 10We] =}
5SS 25cme] EoloA FEste] Ko AR
elalaion, uhHol= crystal violetoll &3 34 =]
o KFE gl gk Ao tisiA=

T~

ampicillin, tetracyclin®l] €J$F A&H=| o] F-F= gl
ElSvi=

FIHEEAS s ARS st EAEA
Hol FRUTE 4, trAdsts e Aok A
AlBHA] e 7] 7t 77 gl FEUEER
o] x|} v, 18151 tt

Aol ARS-gH Ob‘qtﬁ 2828 7t7} Sodium azide
(WAKO, Osaka, Japan, Lot No. KSJ6151, 98%), 9-
aminoacridine(9AA) (Sigma-Aldrich, St. Louis MO.,
USA, Lot No. 03024JR, 98%), 2-(2-furyl)-3-(5-nitro-
2-furyl)acrylamide(AF-2) (WAKO, Lot No. WAP0369,

98%), 2-aminoanthracene(2AA) (WAKO, Lot No.
KSF1039, 95%)2 -&vf<l DMSOo)| 5o] Aol AR
gt

]6‘]%%1_9_0}]_4 z;q]‘:_ DMSO= /\].49.3].03\'7 }\]z‘ﬂ
E22 DMSO09} acetonedl thet &3|=7} 5% ©]73
13, Eoll= E&olmr &uj 3ol v DMSO
£ SME At 253 24ke g Az o,
AHELES T 97% ololnz £=dke 3}
==

HuljeF Aol 50 ml A2HEER~=1] nutrient broth
(Oxoid, Hampshire, UK)E ©]&, ZI&] %3] (Model
50, Precision, Winchester, VA., USA)Z 1803]/%
st o w15 ml, HEAFFS
30uLZ 3} th. Top Agar= BD(Franklin Lakes,
NJ., USA)ZFE bacto-agar(Lot No. 7144748)%
Z 4 glucose agar plates= Junsei(Tokyo, Japan)ZH-
E] agar(Lot No. 2D1149)2 T3l AM&319c).

H AL GLP A& uet A sk AujodHoe
A ARSI E ol&dh= W tiAdsHAlE
o]galA] v WHES Walste] ATt

Colony “+¢] Z7d"H-& 90 mm 273] E#Ho|EM
73 86 mm)ell AAE F2U4E AE Colony coun-
ter(Bio-multiscanner model BMS-400 system, ¥
RIERAErit, kanagawa, Japan)® AlSatith. ASA
af-o] ERIPHe R = AARAWE S of-8ste] 400)

(<3

o Wj&E RE ZHHo|EE Hsle] sl
FEO SR 2}

AB) Aol o3t Aot %@EE o =5 431
o}, F@ARoR S9 Mix 2
F 4 glucose MR top agar% ZSAIA 37°Coll
A 48NZF HieFEle] o] S AFE SUeE 1
SHATh AFsiA S $18 BARAS AIEEdY v
Z7tet sl BHAEdA™e] F2Y Ut ST,
U AIe] v oo g Frtstar Ajd o] QL
< o o= WYsht 2 Alge 19 A2 AdE
A=A Koo S gk FAITE e o83t
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Salmonella 471 521 735 thrALE/dst A& 4 H]
Z8-A] 25 aluminum oxide, calcium oxide, sodium
tetraborate®] 3712 AIHEZ L9 Tl wE F=
Y ] F7h g UERR itttk E. col
WP2uvrA2] 73-$-ol= thildAst 28 2 H|FEA] =
T I AIRER sxo FTk mE F2Y 9
S7ht gt o] UFEREA] sttt

.‘.:1:7%24/434 =i} _\i}\]ﬁ—]o 71— /\]zﬂn lg] QIN==
slal, AEEZe] 5402 ASAE UERA

F5¢1 5,000 ug/plate7tA] AAEIATE olw Al
] T& 7k mE EFEde] ERYs 37 4
fol vehtA] easttth. Sritizwte] F2Y Ao
H S Z2338ke SAEdN0] 22U s A
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oM Zzte] F oA dolet dTg Ao
A BHAEEHe] FEYE FEENeER 7F AP
Ads] AANEATAL & F UUTE o] A= 37}
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sodium tetraborate= 39 ool ek B EAHo]
A1E At g2 s

ANFEZS] aluminum oxideol] thak EA)F o] A1F
A= Table 19, calcium oxideol] thdt EAJFHE] A
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Table 1. Reverse mutation (Ames) assay using Salmonella and E. coli. treated with aluminum oxide without (upper panel)
and with metabolic activation (middle panel), repectively. The lower panel is positive control (without and with
metabolic activation).

Concentration of Number of reverse mutation (colony number/plate)

Wltgg_)frll tiil(out test material Base-pair substitution type Frameshift type
(ng/plate) TA100 TA1535 WP2uvrA TA98 TA1537
0 55 69 61 755 37 33 37 86 16 461
(62) (6) (36) (10) 4)
2195 77 67 65 566 30 38 28 811 10 123
) (70) ®) 32) (10) 2
625 76 64 62 376 35 34 36 9 11 12 343
) 67) ®) (35) 1n )
SOMix(-)
L950 71 78 64 12110 32 36 30 21 14 13 511
’ (71) ® (33) (16) (@)
9500 68 62 68 885 46 37 25 16 9 15 427
’ (66) @) (36) 13) 4)
5 000 69 63 83 595 42 45 38 7917 714
’ (72) ®) (42) (11) 4
0 88 86 88 4809 46 39 41 23 19 28 1163
87 @ (42) (23) @)
3195 90 90 90 12 12 6 41 42 45 14 25 22 697
’ (90) (10) (43) (20) @)
605 89 102 85 109 4 39 34 27 18 19 13 534
92 8 33 17 4
SOMix(+) (92) (€)) 33) a7 4)
L950 85 96 85 1174 51 28 40 23 23 22 655
’ (89) ) (40) (23) 6)
5500 97 87 80 1278 39 49 37 12 13 13 683
’ (8%) © (42) 13) ©)
5 000 87 92 83 758 75 61 30 614 9 589
’ 87 @ (55) (10) @)
Strain AF-2 NaN3 AF-2 AF-2 9-AA
Without Conc. 0.01 05 0.01 0.1 80
SoMix _ (He/plate)
Colony 321 315 316 325 178 189 379 370 1021 990
. number/plate 320 (319) 301 (314) 171 (179) 367 (372) 1010 (1007)
Control Strain 2-AA 2-AA 2-AA 2-AA 2-AA
With Conc. 1.0 2.0 10 05 2.0
SoMix _ (He/plate)
Colony 571 560 202 210 570 562 379 368 189 192
number/plate 558 (563) 214 (209) 557 (563) 370 (372) 185 (189)

() : mean value

S9 Mixe] #7F F-F &, ARAASHES o8&k Al o] tirRbEd ogt e BY] fg o R
A} o] &3lA] 2 Al Alololl= in vitro A Al mixe HEC] HET FEUIAL AL FEAE
AEZL] in vivodllX AdEE dAERE A8s gt § 7ho 2 HE] ZASFH, o] SO HEEA 5
Qate] FEUIAL EAA(S9 mix)yE H7Fste] A1E T2

d=d ¥ 89 mixE ol&3H iR vidE 455
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Table 2. Reverse mutation (Ames) assay using Salmonella and E. coli. treated with calcium oxide without (upper panel)
and with metabolic activation (middle panel), repectively. The lower panel is positive control (without and with

metabolic activation).

Concentration of

Number of reverse mutation (colony number/plate)

Wltélg/g; til;out test material Base-pair substitution type Frameshift type
(ng/plate) TA100 TA1535 WP2uvrA TA98 TA1537
0 100 88 78 12711 38 32 38 29 31 22 1878
(89) (10 (36) @7 a1y
3125 111 86 80 9 13 13 40 35 34 33 38 28 137 11
. (92) (12) (36) (33) (10)
695 76 88 89 12 9 10 39 34 33 22 36 33 15 6 12
. (84) (10) (35) (30) 1n
SOMix(-)
1950 72 64 70 1110 6 37 39 31 28 25 31 473
’ (69) ) (36) (28) ®)
9500 15 30 26 589 1176 3125 203
’ (24) (7 ® (7 2
5000 13 25 20 057 361 004 000
’ 19) 4 3) (€Y ]
0 80 86 90 57 10 40 38 37 42 39 36 12 25 22
(85) (7 (38) (39) (20)
3125 100 89 98 21 16 12 39 42 38 41 45 34 27 30 15
. (96) (16) (40) (40) (24)
695 119 101 107 10 17 11 35 31 36 31 40 37 27 20 8
) (109) (13) (34) (36) (18)
SOMix(+)
1950 117 93 87 1214 9 3133 34 30 48 45 20 15 9
’ (99) (12) (33) 41) (15)
9500 99 98 58 8127 36 37 40 41 42 35 14 10 17
’ (85) ©) (38) (39) 14)
5000 93 2 0 10 10 0 1750 20 0 2 17 13 15
’ (32) (7 (7 (7 (15)
Strain AF-2 NaN3 AF-2 AF-2 9-AA
Without Conc. 0.01 05 0.01 0.1 80
SoMix _ (He/plate)
Colony 310 316 370 364 151 170 311 305 1003 1020
n number/plate 308 (311) 360 (365) 168 (163) 318 (311 996 (1006)
Control Strain 2-AA 2-AA 2-AA 2-AA 2-AA
With Conc. 1.0 2.0 10 05 2.0
SoMix _ (Mg/plate)
Colony 681 690 142 150 333 330 400 423 147 151
number/plate 672 (681) 141 (144) 311 (325) 415 (413) 139 (146)

() : mean value
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Table 3. Reverse mutation (Ames) assay using Salmonella and E. coli. treated with sodium tetraborate without (upper
panel) and with metabolic activation (middle panel), repectively. The lower panel is positive control (without and
with metabolic activation).

Concentration of Number of reverse mutation (colony number/plate)

Wltgg‘_y:l tiil(out test material Base-pair substitution type Frameshift type
(ug/plate) TA100 TAI1535 WP2uvrA TA98 TAI1537
0 62 61 62 1049 40 39 40 16 25 22 719
(62) (8 (40) @1 (6
3125 64 61 53 594 35 42 36 27 27 24 6211
(59) (6) (38) (26) (6)
695 73 73 71 263 36 47 50 23 21 12 349
SOMix() (72) (4 (44) 19) (5)
1250 75 75 62 445 49 40 %4 27 30 40 844
’ (7D (4 (48) (32) (5
2500 87 89 86 289 54 52 57 28 18 38 8411
’ 87 (6 (54) (28) (8
5.000 85 91 90 637 46 46 45 22 18 22 685
’ (89) (5 (46) @1 (6)
0 86 88 74 899 40 37 39 42 29 35 81038
(83) (9 39 (35) (9
3125 81 83 82 869 41 42 34 30 33 35 597
(82) (8 (39) (33) 7
625 75 77 79 696 51 52 46 33 23 39 628
SOMix(+) (77 (D (50) (32) (5
1.950 73 79 92 13 6 12 42 43 60 35 34 40 1411
’ (81) 10) (48) (36) (5
2500 74 69 95 489 45 59 48 39 28 31 1046
’ (79) (7N (6D (33) 7
5.000 95 89 86 3410 63 52 57 29 26 39 472
’ (90) (6) 6] 31) (4
Strain AF-2 NaN3 AF-2 AF-2 9-AA
Without With S9Mix 0.01 0.5 0.01 0.1 80
SOMix Colony 318 310 230 240 140 140 244 250 1000 990
number/plate 322 (317) 237 (236) 130 (137) 232 (242) 1012 (1001)
Co:trol Strain 2-AA 2-AA 2-AA 2-AA 2-AA
With (MZ/%?ac{e) 1.0 2.0 10 0.5 2.0
S9Mix
Colony 575 560 131 138 554 562 254 260 161 140
number/plate 549 (561) 142 (137) 570 (562) 251 (255) 150 (150)

() : mean value

coli WP2uvrA9] 750l thrAtd st 48 2 w28 Fdiize SANEA9 29 o] g5 HojFtojof &n}

A B PR ARERR wEe Skl mE 22y 2A Ade] AYETE 2 4 vk & ATelNE
ol F7Re e ek olgf 2 YHE Hel AEAge] Hs) FAHAE
o] & vlEEIEAMo]

Aol AREEE SEE TR B FEIHEAES & & T o] I AFEEEe] 5
historical data®} Wlaste] &gk gh& VR, =3 (Ames) AMEANM FEo= vehd Ao S =
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